Abstract Inflammatory breast cancer (IBC), the most lethal form of breast cancer, has characteristics linked to higher risk of contralateral breast cancer. However, no large studies have examined risk of contralateral breast cancer following IBC. We calculated absolute risk of invasive contralateral breast cancer among 5,631 IBC and 174,634 comparably staged non-IBC first breast cancer cases who survived at least 2 months following diagnosis and were reported to 13 Surveillance, Epidemiology, and End Results (SEER) registries between January 1, 1973 and December 31, 2006. We considered that contralateral cancers occurring within 2-23 months of first cancer diagnosis may more likely be metastatic/recurrent disease and those occurring 2 or more years after diagnosis independent primaries. Absolute risk of contralateral breast cancer was generally greater following IBC than regional/ distant non-IBC, regardless of age and hormone receptor status of first cancer diagnosis. Much of the increase in absolute risk following IBC occurred within 2-23 months of first cancer diagnosis, while the risk for non-IBC occurred more gradually over time since diagnosis. For instance, among women first diagnosed before age 50, absolute risks following IBC and non-IBC were 4.9 vs. 1.1% at 2 years, 6.0 vs. 2.2% at 5 years, and 7.7 vs. 6.1% at 20 years after diagnosis. However, patterns of higher risk following IBC than non-IBC were also evident for at least 10-15 years in the subcohort of women who survived at least 24 months without a contralateral cancer. In conclusion, our results suggest that IBC has higher risk of cancer in the contralateral breast than comparably staged non-IBC, possibly due to both metastatic/recurrent disease and independent primaries.
Introduction
Inflammatory breast cancer (IBC) is a form of locally advanced breast cancer characterized by redness, edema, and peau d'orange of the breast, often with no underlying tumor mass [1] . The clinical characteristics are attributed to the presence of tumor emboli in the breast dermal lymphatics. Although rare, constituting 1-5% of newly diagnosed breast cancers in the United States, IBC is the most lethal form of breast cancer [1] . It is by definition either regional or distant stage at diagnosis and is characterized by rapid metastasis and poor survival [1] . IBC has an earlier age at diagnosis on average than non-IBC and a higher percentage is hormone-receptor negative [1] . Earlier age at diagnosis [2] [3] [4] , hormone-receptor-negative status [4, 5] , and later stage at diagnosis [2] have all been linked to higher risk of contralateral breast cancer. Risk of contralateral breast cancer following IBC has been reported in only one study, with higher risk noted for patients with distant metastases and IBC, particularly within the first 2 years after diagnosis [6] .
Although most molecular data from small series of cases suggests that contralateral breast cancers are independent primaries [7] , in the absence of these data it is difficult to definitively distinguish new primaries from recurrent or metastatic disease, particularly when the initial breast cancer is of more advanced stage. In epidemiologic studies, variable times since first breast cancer diagnosis have been used to separate probable metastatic or recurrent disease from independent second primaries. According to SEER rules, all metachronous cancers occurring 2 or more months after first cancer diagnosis are considered independent primaries unless the medical records indicate that the tumor is recurrent or metastatic disease [8] . Others have determined that 2 years after first cancer diagnosis is the most appropriate single cutoff to separate probable recurrent or metastatic disease (those diagnosed within 2 years of the first cancer) from probable independent primaries (those diagnosed 2 or more years after first cancer diagnosis) [6] . Concordance status between primary and contralateral disease according to prognostic factors, such as hormone receptor status, has also been used to determine the relationship between primary and contralateral disease [9] .
Determining risk of contralateral breast cancer and whether such a cancer is metastatic disease or an independent primary has implications for both prognosis, treatment [9, 10] , and risk management strategies, such as increased surveillance, chemoprevention with drugs such as tamoxifen, oophorectomy, or prophylactic mastectomy [11] .
In this manuscript, we calculate absolute risk of contralateral breast cancer following IBC according to age at diagnosis, interval since the first primary tumor, and type of contralateral breast cancer using data from the population-based registries in the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program. We also calculate absolute risk according to hormone receptor status of the first tumor. For comparison, we include estimates for comparably staged non-IBC as well as absolute risks of a first breast cancer in the general population. We attempt to distinguish between recurrent/ metastatic disease and independent second primaries by carefully examining risk according to time since diagnosis, type of contralateral cancer, and concordance on several prognostic factors between first and contralateral breast cancers.
Materials and methods
We evaluated female patients of white, black, and other known races diagnosed between January 1, 1973 and December 31, 2006 with unilateral invasive breast cancer (ICD-0-3 = C500-C509, excluding histologies 9590-9989, 9050-9055, and 9140) with known breast side and age at diagnosis who survived at least 2 months following diagnosis and were reported to population-based registries in the SEER program. The original nine SEER registries (SEER 9) are located in the metropolitan areas of Atlanta (1975 Atlanta ( -2006 , Detroit (1973 Detroit ( -2006 , San-Francisco-Oakland , and Seattle-Puget Sound and the states of Connecticut (1973 Connecticut ( -2006 , Hawaii (1973 Hawaii ( -2006 , Iowa (1973 Iowa ( -2006 , New Mexico (1973 Mexico ( -2006 , and Utah . Data from 1992 to 2006 are available for four additional areas (the California metropolitan areas of San Jose-Monterey and Los Angles, Rural Georgia, and the Alaska Native Tumor Registry) which in combination with the SEER 9 comprise the SEER 13 [12] .
Among these women, we identified all IBC cases using the following SEER codes: {Site and Morphology.Histologic Type ICD-O-3} = 8530 OR {Extent of Disease.EOD 10 -extent (1988?)} = 70 OR {Extent of Disease.CS extension} = 71-73). Site and Morphology.Histologic Type ICD-O-3} = 8530 identifies ''inflammatory carcinoma''. Extent of Disease EOD 10 refers to ''inflammatory carcinoma, including diffuse (beyond that directly overlying the tumor) dermal lymphatic permeation or infiltration''. Extent of disease code 71 refers to ''diagnosis of inflammatory breast cancer without a clinical description of inflammation, erythema, edema, or peau d'orange of more than 50% of the breast, with or without dermal lymphatic infiltration''. Extent of disease codes 72 and 73 refer to diagnosis of inflammatory breast cancer with a clinical description of inflammation, erythema, edema, or peau d'orange, with or without dermal lymphatic infiltration, of 50% or less of the breast and more than 50% of the breast, respectively. We identified regional/distant staged non-IBC based on the SEER Stage A coding scheme (local, regional, distant) [12] .
We identified first contralateral invasive breast cancers with known breast side and age at diagnosis occurring at least 2 months after diagnosis of the first breast cancer and classified them as IBC or non-IBC. Case records were followed until the earliest of the following dates: diagnosis of first contralateral breast cancer, death, last contact if before December 31, 2006; or December 31, 2006, if date of last contact was after 2006.
We also classified first and contralateral breast cancers diagnosed during 1988-2006 as hormone receptor (HR) positive (ER or PR is positive) or HR-negative (ER and PR are negative or one is negative and the other unknown). We further classified first and contralateral breast cancers as lobular (histology codes 8520 and 8522) or non-lobular (other histology codes).
To distinguish earlier from later onset breast cancer, we classified age at diagnosis of the first cancer as less than 50 and 50 years of age or older.
We calculated absolute risk (reported as a percent) and pointwise 95% confidence intervals of contralateral breast cancer accounting for competing causes [13] . Competing causes were defined as follows: death in analyses of any contralateral breast cancer; death and the other type of contralateral breast cancer in analyses of type-specific contralateral breast cancer. We also calculated absolute risk of death from all causes, with contralateral breast cancer as the competing risk. We did similar analyses in the subcohort of women who survived for 24 months or more without having had a contralateral breast cancer. Finally, we calculated absolute risk of developing a first breast cancer, a first IBC, and first non-IBC for women who were 45-and 65-years old (the approximate median ages in our \50 and C50 age groups [14] .
We calculated percent agreement for ER-and PR-status and tumor histology (lobular, non-lobular) between first and contralateral IBC and non-IBC breast cancers. Chisquare tests were used to test for statistical significance; a P value of less than 0.05 was considered statistically significant.
Results
A total of 5,631 first IBCs and 174,634 first regional/distant non-IBCs were included in the analysis; 274 contralateral invasive breast cancers were identified among the IBC cases and 6,019 among non-IBC cases. Eighty-one percent of first IBC cases were white, 13% black, and 6% other known races. The comparable percentages among non-IBC cases were 84, 10, and 6%. The median age at diagnosis was 56 years for IBC cases and 58 years for non-IBC cases. Follow-up time ranged from 2 to 396 months. Table 1 presents number of first and contralateral cancers by age at diagnosis and type of first breast cancer, type of contralateral breast cancer, and months since diagnosis of first breast cancer.
Absolute risks of any contralateral breast cancer, contralateral IBC, and contralateral non-IBC according to age at diagnosis and type of first breast cancer are presented in Table 2 and graphically in Fig. 1A -D. For comparison, absolute risks for a first breast cancer in either breast among similarly aged women in the general population are presented in Table 2 . Among women less than age 50, absolute risks of developing a contralateral breast cancer after IBC or non-IBC were higher than absolute risks of developing a first breast cancer in either breast; this was not generally true among older women.
Among IBC and non-IBC cases diagnosed before age 50, absolute risks of a contralateral breast cancer were similar 30 years after diagnosis (7.7%), but for most of the follow-up period the absolute risk following an IBC was higher than that following a non-IBC (Table 2 ; Fig. 1A) . Much of the increase in absolute risk among IBC cases occurred within 2 (4.9%) and 5 (6.0%) years of diagnosis, whereas the absolute risk following non-IBC increased more gradually over time (1.1% at 2 years and 2.2% at 5 years). Among cases diagnosed at 50 years or older, absolute risks of a contralateral breast cancer after 30 years were 5.5 and 5.2% following IBC and non-IBC, respectively, with much of the risk following IBC occurring within 2-5 years (Table 2 ; Fig. 1B ). Similar patterns were seen for absolute risk of a contralateral IBC and non-IBC (Table 2 ; Fig. 1C, D) .
These patterns most likely reflect the effect of competing risks, which influences the number of women remaining at risk for a contralateral breast cancer. Among younger IBC cases, the absolute risks of death at 5, 10, and 30 years were 58, 68, and 84%, respectively. Among similarly aged non-IBC cases, the corresponding estimates were 28, 40, and 66%. Among older IBC cases, the corresponding absolute risk estimates were 68, 79, and 95% as compared to 40, 58, and 88% among older non-IBC cases. Thus, a considerably higher proportion of non-IBC than IBC cases remained at risk of a contralateral breast cancer 5 or more years after first cancer diagnosis.
In the cohort of women who survived at least 24 months without having had a contralateral breast cancer, absolute risks of contralateral breast cancer at 5, 10, 15, and 30 years after first cancer diagnosis among IBC cases diagnosed before age 50 were 3.2, 4.7, 5.0, and 5.6% (data not shown in figure) . Comparable estimates for similarly aged non-IBC cases were 1.6, 3.2, 4.9, and 7.6%. Estimates at 5, 10, 15, and 30 years among older IBC cases were 2.9, 4.2, 5.4, and 5.4% and among older non-IBC cases were 1.5, 2.9, 4.0, and 5.3%. Among IBC cases the absolute risk of a subsequent IBC was 1% or less; among non-IBC cases it was 0.2% or less.
HR status was available for 3,554 (63%) first IBC cases, of which 2,023 (57%) were HR-positive and 1,531 (43%) were HR-negative. HR status was available for 87,271 (50%) non-IBC cases, of which 67,571 (77%) were HRpositive and 19,700 (23%) were HR-negative. Among IBC cases with known receptor status, 173 contralateral breast cancers were diagnosed (40 following HR-positive breast cancer in women less than 50, 58 following HR-positive breast cancer in women 50 years or older, 34 following HR-negative breast cancer in younger women, and 41 following HR-negative breast cancer in older women); the corresponding number among non-IBC cases was 1,850 (398 following HR-positive breast cancer in women less than 50, 966 following HR-positive breast cancer in women 50 years or older, 238 following HR-negative breast cancer in younger women, and 248 following HRnegative breast cancer in older women).
The higher absolute risk of any breast cancer following IBC than regional/distant non-IBC was evident for both HR-positive and HR-negative first cancers (Fig. 1E, F) . For instance, among younger women, absolute risks following HR-positive IBC at 5, 10, and 16 years (the last year of follow-up) were 6.7, 8.7, and 8.7%, respectively. Among comparably aged HR-positive non-IBC breast cancers the corresponding absolute risks were 1.6, 2.8, and 3.7%. Absolute risks following HR-negative IBC were 6.4, 6.4, and 6.4% and those following HR-negative non-IBC were 2.5, 4.4, and 5.5%. Absolute risks following HR-positive and HR-negative breast cancer in older women were similar to each other, but were higher following IBC than non-IBC.
Both ER-and PR-status were available for 117 (68%) contralateral breast cancers following IBC and for 1,349 (73%) contralateral breast cancers following non-IBC. Concordance on both ER-and PR-status for first and contralateral breast cancers was 59% among IBC cases and 53% among regional/distant non-IBC cases (chi-square P value = 0.24). The percent agreement of these variables for IBC followed by IBC was 74% and IBC followed by non-IBC was 54%. The percent agreement on these variables following non-IBC was the same whether the subsequent tumor was non-IBC or IBC (53%) ( Table 3) . When contralateral breast cancer cases were divided into those that occurred within 23 months after diagnosis and those that occurred 24 or more months after diagnosis, the percent agreement on ER-and PR-status was higher for the tumors diagnosed within the first 23 months after diagnosis and was similar for first IBC and non-IBC cases (Table 3) .
When tumor histology (lobular vs. non-lobular) was examined for first and contralateral breast cancers, the percent agreement was 89% for IBC cases and 81% for non-IBC cases (chi-square P value = 0.001).
Discussion
We found that the absolute risk of contralateral breast cancer following IBC increased rapidly in the first 5 years after diagnosis, while that of non-IBC increased more gradually over time. These patterns may reflect the much higher absolute risk of death following IBC than non-IBC, leaving a much lower percentage of IBC cases at risk of a contralateral breast cancer for longer periods of time since first cancer diagnosis. Thus, it is particularly notable that the absolute risk of cancer in the contralateral breast was higher for many years following a diagnosis of IBC than non-IBC in women of similar age, stage, and hormonereceptor status at diagnosis.
The particularly aggressive nature of IBC raises the possibility that cancers in the contralateral breast reflect recurrent/metastatic disease rather than independent primaries, even though, according to SEER rules, breast cancers designated as contralateral second primaries must not be described as metastases in the medical records [12] . We attempted to address this possibility in three ways: by examining results according to time since first cancer diagnosis, by type of contralateral breast cancer, and by assessing whether concordance of several tumor characteristics for first and contralateral cancers differed by type of the first breast cancer. If we assume that cancers in the contralateral breast diagnosed within 2 years of first cancer diagnosis are most likely recurrent/metastatic disease and those diagnosed after 2 years are most likely independent second primaries, our results suggest higher risk of recurrent/metastatic disease and independent second primaries in the contralateral breast following IBC than similarly staged non-IBC. Although lymphatic drainage from the breast is primarily to the axillary nodes, connections may cross the median plane to the contralateral breast [15] . IBC, in particular, is characterized by early lymphatic and vascular invasion by tumor emboli [1] and by genes enriched in mediators of cell motility [16] . Thus, it is possible that IBC may be more likely to metastasize to the contralateral breast than non-IBC, although patterns of recurrence in the opposite breast have not been specifically noted for IBC [17] .
Risk of contralateral non-IBC was generally greater after IBC than non-IBC, even 2 or more years after first cancer diagnosis. High throughput gene expression profiling has shown IBC to be genetically heterogeneous, having the same cell-of-origin subtypes as non-IBC (e.g., luminal A, luminal B, non-luminal-HER2-positive, non-luminal HER2-negative) but with more being non-luminal than for non-IBC [18] . Results suggest that molecular subtype and IBC phenotype are determined by independent gene sets, which remain to be identified [18] . A number of markers not related to cell-of-origin subtypes have been associated with IBC, including p53 mutations, over-expression of RhoC guanosine triphosphatase (GTPase), loss of expression of WISP 3, a breast tumor suppressor gene located at 6q22-q23, and expression of E-cadherin, and lympho angiogenic factors such as vascular endothelial growth factor (VEGF)-C, (VEGF)-D, and VEGFR-3. However, none of these are specific to IBC [19] . Based on these characteristics of IBC and non-IBC, it seems plausible that contralateral non-IBCs following IBC are more likely to be independent primaries than metastatic disease. Although overall concordance on ER-and PR-status was similar for first IBC and non-IBC cases, concordance was highest when an IBC was followed by a contralateral IBC and when tumors were diagnosed within the 2-23 months after first cancer diagnosis regardless of first tumor type. Concordance on histology was greater than 80 percent for both IBC and non-IBC cases, but was statistically significantly higher for IBC than non-IBC. Although these results may suggest that a contralateral IBC following an IBC and tumors diagnosed within the first 2-23 months after first cancer diagnosis are more likely to be recurrent or metastatic disease, concordance on tumor characteristics could also reflect multiple primary tumors arising in a common milieu [9] .
Strengths of our study include the large number of IBC cases identified through the SEER program, the relatively large number of subsequent contralateral breast cancers, standardized rules for classifying contralateral breast cancers, the systematic recording of basic demographic information and tumor characteristics for both first and contralateral breast cancers, and information on follow-up, including cause of death. To our knowledge, this is the largest and most comprehensive study to date of contralateral breast cancer following IBC.
We must note several methodologic issues that need consideration in interpreting our results. The number of contralateral breast cancers following IBC was insufficient to allow adjustment for treatment effects. Since the early 1980s, IBC has generally been treated with neoadjuvant chemotherapy, mastectomy, and then postmastectomy radiation therapy, and possibly hormone therapy [20, 21] . Most of the chemotherapeutic regimens are similar to those used to treat non-IBC [21] . Similar to other analyses using SEER data [4] , we were unable to adjust for adjuvant tamoxifen treatment of the first breast cancer, which is associated with reduced risk of contralateral ER-positive breast cancer in women with a hormone-receptive positive first breast cancer [22] . This is unlikely, however, to be a major shortcoming of our analysis because we saw consistent patterns of higher risk of contralateral breast cancer following IBC than non-IBC among those with HR-positive and HR-negative first tumors. We were also unable to adjust for family history of breast cancer or specific rare germline mutations, such as BRCA1, BRCA2, and TP53, associated with hereditary breast cancer, but these syndromes are rare [23] . Moreover, we are unaware of any data suggesting that hereditary breast cancer is more likely to be IBC. Most other breast cancer risk factors have not been consistently associated with contralateral breast cancer [24, 25] . We also can not rule out the possibility that medical surveillance is heightened following a first IBC compared to non-IBC, thus accounting for the higher risks of a contralateral breast cancer early on following IBC. To our knowledge, however, there are no data to support this suggestion.
In summary, risk of contralateral breast cancer was generally higher following IBC than non-IBC, particularly in the first 5 years after diagnosis. This was true for both contralateral cancers diagnosed within the first 2 years of diagnosis, which may be more likely to be metastatic disease [6] , as well as for cancers diagnosed 2 or more years after first cancer diagnosis, possibly more likely to be independent primaries. Our findings point to intriguing areas for future research, including whether cancers in the contralateral breast following IBC are true second primaries or rather reflect an unusual propensity for IBC to metastasize to the contralateral breast. In either case, our results underscore the importance of vigilant screening of the opposite breast following a diagnosis of IBC as well as other types of breast cancer. Magnetic Resonance Imaging has been shown to be the most accurate imaging technique for detecting a breast parenchymal lesion in inflammatory breast cancer patients [26] . Both the high probability of death from IBC and the higher probability of a contralateral breast cancer compared to other types of breast cancer should be considered in evaluating risk management strategies for contralateral breast cancer following IBC [27] .
